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INTRODUCTION
Despite the fact that depression and anxiety often coexist 1 , rarely occur in pure form 2 and are known to load on a common internalizing dimension [3] [4] [5] [6] [7] , the vast majority of subtyping studies have so far strictly focused on either depression 8, 9 or anxiety 10, 11 . Previous datadriven subtyping studies have furthermore focused solely on symptoms without taking disability into account, while disability is strongly interrelated with depression and anxiety. People with a mood or anxiety disorder experience impaired functioning on social, occupational, and physical domains 1, [12] [13] [14] . The importance of disability is reflected in formal diagnostics (e.g. DSM 5) and clinical guidelines 15 , where the presence of disability is a defining criterion that also signals need for care. Although increased symptom severity is reflective of the level of general functioning 16 , the correlation with disability is only modest 17 and symptoms provide little domain-specific information about functional impairment (e.g. physical, social, or occupational). This is unfortunate because disability occurring in specific functional domains is known to be predictive of important clinical outcomes such as treatment response 18 , remission 19, 20 , and recurrence 21 . This additional information conveyed in disability measures may therefore serve as a source of relevant inter-personal variation on top of the variation that is captured by symptom scores alone, and may thus have an important role in identifying subtypes.
The simultaneous consideration of a broad set of symptoms and disability within a data-driven subtyping approach could yield subtypes which better describe individual, symptom, and severity differences inherent to depression and anxiety [22] [23] [24] . Importantly, the obtained empirical classification may guide research by providing targets for biological, neurological, and genetic research 25, 26 , and may provide guidance as to which treatment strategy may benefit patients most 27, 28 .
The aim of the present study was to identify and validate data-driven cross-diagnostic subtypes to capture the heterogeneity of depressive and anxiety symptomatology in a large population sample (n=73,403), incorporating both symptoms and disability measures as sources of clinically relevant inter-personal variation. All subjects had a full assessment of their current depression and anxiety symptoms.
METHOD

PARTICIPANTS AND PROCEDURES
Data came from Lifelines 29 , a large prospective population-based cohort study of 167,729 persons in the Northern Netherlands. In the study, information on a broad range of biomedical, sociodemographic, behavioral, physical and psychological factors that contribute to the health and disease of the general population are assessed, with a special focus on multimorbidity and complex genetics. Study participants were recruited via general practitioners and self-registration, following family referral to include family members. Participants visited a Lifelines research site for biomedical assessments, standardized interviews, and completed extensive questionnaires. The Lifelines cohort is broadly representative for the adult population of the north of the Netherlands, with a low risk of selection bias and good generalizability to the general population 30 . All participants signed informed consent and the Medical Ethical Committee of the University Medical
Center Groningen approved the study.
For the current study, participants were included if they had complete data on an adapted version of the standardized Mini International Neuropsychiatric Interview (MINI).
To facilitate quick assessments, the original MINI interview allows interviewers to skip questions about symptoms of MDD and GAD if core DSM-criteria are not met. However, between February 2012 and December 2013, Lifelines used an adapted version of the MINI in which all internalizing symptoms were assessed without symptom-skips in order to enable present analyses. This dataset consisted of 73,403 participants and was split into a training set (75%; n=55,054) for model fitting and a validation set (25%; n=18,349) for model selection and validation.
MEASURES
Internalizing symptoms
The MINI was administered by trained medical professionals and used to assess MDD, GAD, panic disorder, agoraphobia and social phobia 31 . The nine criterion-symptoms of MDD were considered present if participants experienced them almost daily during the past two weeks. The seven criterion-symptoms of GAD were considered present if experienced on most days during the past six months. Lifetime presence was assessed for agoraphobia, panic attacks and social fear. For three symptoms that overlapped between MDD and GAD ('sleep disturbance', 'fatigue' and 'concentration problems'), the GAD symptoms were excluded. The MDD symptoms were favored because of their more restrictive timeframe of two weeks, which increases the likelihood that someone who endorses one of the symptoms also currently experiences disability as a result from that symptom. This resulted in a dataset containing 16 internalizing symptoms that were assessed for all subjects.
Disability covariates
Four subscales of the RAND-36 32 were included in the analyses: physical functioning, social functioning, role limitations due to emotional problems and role limitations due to physical health problems. The role limitations scales assess problems with work or other regular daily activities as a result of physical health or emotional problems. The RAND-36 is a widely used questionnaire to assess health-related quality of life with sound psychometric properties. Sum scores for the four scales were linearly transformed to a 0-100 range and standardized.
External variables
A wide range of external variables was assessed, including socio-demographics, lifestyle factors, psychological factors, and health status. Participants' age, gender, marital status (partner or no partner), education level (low, middle, high), income (above or below modal), and work status (currently employed, work absence, afraid to lose job; all dichotomized)
were assessed using self-report questionnaires. Body Mass Index (BMI) was assessed during the research visit. Current smoking and current alcohol consumption (dichotomized as more than once a week) were assessed using self-report questionnaires. Medication use, the presence of a major medical condition (cancer, diabetes, arteriosclerosis, asthma, COPD), a cardiovascular disease (hypertension, stroke, heart failure, myocardial infarction), and cardiovascular symptoms (arrhythmia, swollen ankles, chest pain, heart function loss) were assessed using questionnaires. Somatization was assessed using a subscale of the Symptom Checklist (SCL-90 33 ). Social support was measured using the subscales affection (i.e., feeling loved), behavioral confirmation (i.e., belonging and doing things right), and status (i.e., distinction in valued aspects) of the Social Production Form (SPF-
IL 34
). The lifetime and past-year occurrence of stress were measured using the long-term difficulties inventory (LDI) for chronic stress and the list of threatening events (LTE) for recent stress 35 . Positive and negative affect was assessed using the positive and negative affect schedule (PANAS 36 ). In line with work of Broadhead et al. 37 , participants were asked to indicate in a disability days questionnaire on how many days in the preceding month they were (i) unable to perform daily activities, (ii) remained in bed, (iii) had to take a step back, or (iv) were less able to focus.
STATISTICAL ANALYSES
Missing data
Participants with more than 10 missing values on the RAND-36 (n=541) were excluded.
For the remaining participants (n=73,403), missing values on RAND-36 (0.9%) and external variables (1.7%) were imputed using the R package 'mice' 38 with logistic regression for binary variables, proportional odds models for ordered categorical variables, and predictive mean matching for continuous variables (default settings).
Models
The latent structure of the included symptoms was first explored using latent class analyses (LCA) and explorative factor analyses (EFA). In LCA, a categorical latent variable representing a number of latent classes is assumed to explain all population heterogeneity in symptom-reporting without assuming severity variations within classes. In contrast to LCA, EFA is a dimensional approach which can be used to gain insight into the latent structure of the (co)variances of the assessed symptoms using continuous latent factors.
The hybrid mixture models consisted of Mixed Measurement Item Response Theory (MM-IRT) models and were fitted without disability covariates first. These models add a continuous latent factor to the LCA model accounting for quantitative differences within each class, and circumvent the problem of LCA finding parallel classes reflective of severity differences and that are not qualitatively different 9 . As such, MM-IRT provides a hybrid approach: variations in the observed data are assumed to reflect the existence of latent groups with qualitatively different symptom patterns, but within each subgroup, quantitative differences on a severity continuum are allowed. Conceptually, this means that subgroups with distinct symptom patterns exist, but that each pattern may occur at different severity levels. For example, one might find a latent class consisting of subjects who report a pattern consisting mainly out of GAD symptoms and no other symptoms.
Within this group quantitative differences can then exist, with severe cases reporting all GAD symptoms and mild cases reporting only a few (e.g. only tensed but not anxious or nervous).
To incorporate information about inter-individual differences in experienced disability, both symptoms and disability were considered simultaneously in the models. IRT-C models, each omitting one disability covariate. Next, the covariates were added in a stepwise fashion to evaluate which disability measure added most information to the model. The characteristics of the optimal model were further investigated by analyzing the associations with external variables in the full dataset.
Estimation procedure
EFA was performed using the R package 'psych' 40 and results were used to fit confirmatory factor analysis (CFA) models. LCA, CFA, MM-IRT and MM-IRT-C models were fitted in LatentGold 5.0 41 . First, models were fitted in the training set. The obtained models were then applied and compared using information criteria in the validation set, a part of the data that was not included in the training set. The use of an independent validation set for model selection prevented the selection of models that overfitted the data. All models used 500 start sets, 25000 Estimation Maximization iterations and 1000 Newton Raphson iterations until convergence in the training set. Models were run multiple times to explore likelihood values and avoid solutions at local maxima. All latent class models were nested in a single general latent variable model, allowing for direct comparisons across models.
To find the optimal number of classes and select the best fitting model, the Bayesian Information Criterion (BIC) and the Consistent Akaike Information Criterion (CAIC) were compared across models in the validation set. The best LCA and EFA models served as baseline references for the hybrid mixture models. As traditional regression methods underestimate the relation between class membership and external variables and lead to biased estimates due to classification error, a corrected approach was used 42 .
RESULTS
SAMPLE CHARACTERISTICS
The 73,403 participants had a mean age of 44.5 (range 18-93), 58.3% were female, and 55.1% reported at least one of the assessed symptoms (Table 1 ). According to the MINI, 1447 (2.0%) participants met DSM-criteria of MDD, 2983 (4.1%) met DSM-criteria of GAD, and 824 (1.1%) met DSM-criteria for both MDD and GAD. Most participants had some level of disability on at least one RAND-36 subscale (score below 100), with 36.9% reporting disability in physical functioning below the mean (12.5% below mean minus one SD), and 26.9% experiencing social functioning below the mean (15.9% below mean minus one SD). 
LATENT CLASS ANALYSIS AND EXPLORATORY FACTOR ANALYSES
Comparison of LCA models with increasing numbers of classes did not point towards one definite best fitting model: information criteria kept decreasing with each class addition (Supplement 3). Inspection of the solutions with different numbers of classes showed an interesting hierarchical pattern, pointing toward the existence of subgroups with clearly different symptom prevalence rates and symptom patterns (Supplement 1). In the models with few classes, most classes were qualitatively distinct. However, with the addition of more classes, the classes that emerged showed mostly quantitative severity differences.
This suggested that in these models, the latent class solutions increasingly approximated a granular representation of an underlying, continuous severity spectrum.
The EFA (Supplement 2) showed a strong first factor -a general internalizing severity factor-with a ratio between the first factor Eigenvalue (8.81) and the second factor Eigenvalue (0.82) of 10.7.
Together, the results of these explorative analyses suggested that there were qualitative as well as quantitative differences across participants in internalizing symptom reporting,
indicating that the use of a hybrid MM-IRT approach could be of substantial added value.
MIXED MEASUREMENT ITEM RESPONSE THEORY MODELS
BIC and CAIC statistics indicated that MM-IRT models were superior to LCA models: the data were better described by a mixture model that allows for quantitative severity Variations of the final model were fitted to find out if differences in the intervals of the assessment of symptoms (last 2 weeks for MDD symptoms and last 6 months for GAD symptoms) had any influence on the model. Separate factors for symptoms assessed for the past 2 weeks and for past 6 months were included. Comparable results were found for these models and they were not preferable in terms of CAIC or BIC. Also, analyses performed using the GAD versions of the overlapping symptoms 'sleep disturbance', 'fatigue', and 'concentration problems', resulted in comparable findings. In addition, analyses with the overlapping symptoms removed, retrieved the same classes except for the 'Somatic' class that was primarily based on these overlapping symptoms. Overall, this suggests that the choice of timeframe played a limited role, and that overlapping symptoms were relevant to accurate class distinction.
CLASS CHARACTERISTICS: SYMPTOM PROFILES AND EXTERNAL CORRELATES
Of the 5-class MM-IRT-C model, the largest class was a 'Healthy' class of 61.0%, with a minimal amount of depression and anxiety symptoms, high physical and social functioning, scoring highest on positive psychological factors, with highest education, income and employment rate, and lowest absence from work ( Figure 1 , Table 2 ).
The model included two classes that reported mild levels of symptomatology and Note: Multivariate logistic regression model with 'Healthy' class as reference estimated using proportional ML with robust standard errors. Backward selection using CAIC as criteria eliminated SPF-IL behavioral confirmation scale, and cardiovascular disease from the model (coefficient estimates were also non-significant at p>0.41).
Socio-demographics
Multivariate regression (Table 3) 
DISCUSSION
Exploring symptom-data from a large population sample, the current study identified five cross-diagnostic subtypes of depression and anxiety ('Healthy', 'Somatic', 'Worried', 'Subclinical', 'Clinical'), using a statistical method that accounted for severity differences within each class and incorporated disability as an additional source of inter-personal variation. These results provided important new insights into the different phenotypical presentations of depressive and anxiety symptomatology in the population, summarized by three key observations: (i) disability is an important source of information to identify clinically relevant subtypes in psychiatry, (ii) data-driven classes did not differentiate between pure depression vs. anxiety disorders, and (iii) there was a large class with clinically relevant depressive and anxiety symptomatology at subthreshold levels. Each of these is discussed below in more detail.
First, many symptoms of depression and anxiety (e.g. fatigue) are non-specific: they frequently occur in other instances than depressive or anxiety disorders (e.g. fatigue in 'Somatic' class), which is a known source of heterogeneity in anxiety and depression 43, 44 .
In the current study, the inclusion of domain-specific disability measures of physical and social functioning improved the differentiation between subjects reporting isolated nonspecific symptoms from those with more severe psychopathological symptoms. This finding is in line with previous studies showing the predictive value of disability measures 17 , and recent ideas as stated in the RDoC framework 26 that advocate a focus broader than symptom scores alone for better distinction between normal and abnormal behavior 45 .
Second, no classes describing pure depression or anxiety were observed, but only mixed presentations ('Subclinical' and 'Clinical'), consistent with growing evidence for strong etiological and phenomenological overlap between depression and anxiety.
Besides strongly correlated and highly comorbid 1 , both disorders share genetic risk 46 , and load on a single internalizing dimension 4, 47 . Moreover, depression and anxiety often have comparable treatment indications and respond similarly to antidepressants 48, 49 , psychosocial treatments 50 and self-guided help 51 . In contrast to previous subtyping efforts within anxiety, and within depression, the current findings suggest high convergence with etiological and treatment literatures.
Third, the finding that a large part of the sample (8.8%; 'Subclinical') experienced clinically relevant symptomatology on subthreshold levels, without meeting diagnostic criteria, is in line with studies on anxious forms of depression 52 and latent class analyses investigating mixed anxiety depression disorder 53, 54 . Although labelled as subclinical in our study in line with that the majority do not meet DSM-criteria of a full diagnosis, we show that participants in this class suffer from serious disability resulting in negative impact on public health 53 and high economic costs 55, 56 . Subthreshold anxiety and depression with functional impairment are moreover strong predictors of subsequent full syndrome onset 57 , again emphasizing this subtype's pertinence.
The 'Subclinical' and 'Clinical' classes showed strong associations with somatization and somatic symptoms (including cardiovascular) and these associations were even stronger than in the 'Somatic' class, suggesting these somatic complaints have to some extent non-physical etiologies and are part of the mental disorder 58, 59 . The 'Subclinical'
and 'Clinical' classes were also characterized by markedly decreased positive affect and increased negative affect. This is in line with research showing that low positive affect and high negative affect can reflect a general vulnerability to psychopathology 56 . In the current results, this vulnerability was further emphasized by high scores on experienced chronic stress and occupational problems in these classes. problems' with a large unique impact across different disability domains 61, 62 .
The longitudinal design of Lifelines allows for future studies to test the predictive value of the identified classes in prospective data. Eventually, if these data-driven classes prove to be robust and have sufficient predictive power over time, they could serve as startingpoints for new classification models and be evaluated for their potential added value for treatment. Such an alternative empirical classification scheme could serve as an early stage stratification tool, recognizing that a sizable proportion of individuals in need of care suffer from a mixed presentation of depression and anxiety at a subclinical level.
Ultimately, the efficiency and effectiveness of mental health care could be improved if these 'Subclinical' individuals could be identified and treated with low-cost, effective primary care treatment programs 63 or guided self-help 51 and referring only 'Clinical' individuals to high intensity specialized care.
CONCLUSIONS
The present study described the structure of current depression and anxiety symptoms in the population with several subgroups showing mild isolated symptomatology and two cross-diagnostic subtypes with serious disability on either a clinical and subclinical level. The results suggest that diagnostic nets should be cast wider than the current phenomenology-based categorical systems to allow for a clearer focus of efforts to decrease the burden and costs of depression and anxiety in the population. 1 Differences in BIC and CAIC with respect to the '2-class MM-IRT-C Disability' model are reported to allow for easier model comparison (i.e. positive difference indicate worse fit and vice versa). The interpretation of BIC and CAIC remains the same, since only relative differences in information criteria are meaningful, and still allows direct comparisons. 2 Confirmatory factor analyses models based on EFA results with Promax rotation. Note that information criteria are a poor means to compare factor analysis models, and we refer to supplement 2 for more details. 2 Disability covariates of RAND-36 subscales physical functioning, social functioning, emotional role and physical role limitations.
SUPPLEMENT 4.
Posterior probabilities of class membership in the final 5-class MM-IRT-C model, associated with different levels on each disability covariate (row wise), with scales ranging from poor (0) to good (100) functioning. Left plots show probabilities for 'Healthy' and 'Somatic' class, and right for 'Worried', 'Subclinical', and 'Clinical' class. These probabilities show the role disability plays in assigning participants to each specific class. Good functioning on all scales is associated with a high chance of being assigned to the 'Healthy' class, poor physical functioning with a high chance of ending up in the 'Somatic' class. More subtle roles of disability are observed in the remaining three classes. Interestingly, participants with severe role limitations due to emotional problems have the highest probability of getting assigned to the 'Clinical' class, despite being the smallest class.
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